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FOREWORD

This investigation was conducted by the Alcoa Research
lLaboratories, Aluminum Company of Americe, New Kenslngton,
Pennsylvania, under USAR Contract No. F33615-68-C-1385,

Project No, 7381, "Msterials Applications", Task No. 738106,
"Engineering and Design Deta'. The work wes under the directlon
of the Materials Laboretory, Wright-Patterson Alr Force Base,
Ohio, with Mr. A. W. Gunderson (MAAE) as project engineer,

This report covers work done from March 1968 through
December 1969.

. The investlgation was made under the supervision of

Mr, D, J. Brownhill with Mr. C. F. Babllon as project lcader
for the phase covering the mechanical properties including
fracture toughness and fatiguse, Mr., D. 0. Sprowls was the
project leader for the phase covering the corrosion character-
istics and Mr. G, E, Nordmark was project leader for the phase
covering the fatigue-crack propagation rates, The statistical
analyses were made by Messrs, S5, F. Collis end M, C. Milligan.
Significant advisory and technicel assistance were supplled by
Messrs, J. G, Kaufman and J. D. Walsh,

The report was released by the suthors for publication
in January.

This technical report has been reviewed and is approved,

A

ALBERT OL&VITCH

Chief, Materials Engineering Branch
Meterials Support Division

Alr Force Meterials Laboratory
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ABSTRACT

The tenslle, compressive, shear, bearing, fracture- j
toughness, axlisl-stress fatigue, reslstance to stress-corrosion
cracking and fatligue-crack propa%ation rates have been deter-
mined for a total of 40 lots of 2014-T652, 2024-T852, 7075-
Tr3%2 and 7079-T652 stress-relleved aluminum alloy hand
forgings ranging in thickness from 2 through 6 in.

i Tables of computed design mechanical propertles and ﬁ
! typical and minimum stress-strain and compressive tangent- o
: modulus curves were prepared.

Average values of plane-3traln stress-intensity
factor, Kjc, at 5 per cent secant offset were determined.

lLog-mean fatigue-iife valuss were calculated.

The forgings of &1l fuur alloys heve a high resist-
i ance to exfoliation and & high resistance to stress-corrosion
| cracking when stressed in the longitudinal directlon relative
;** to the greain flow pattern., In the long and short-transverse
. test directlions, the resistance to SCC varied markedly with
respect to elloy and temper, with 7075-T7352 being outstanding, }

2024-T852 rating second, and 2014-T652 or 7079-T652 rating {
third. '

The rate of fatigue crack propagation was found to
vary with the seven orientations tested and to be substantially
faster 1n & humid stmosphere than in & dry atmosphere. For
tests in & sait fog stmosphere it was demonstrated that s
slower rate of loading ceused a faster rate of propagation per .
cycle. At the lower stress intensities the alloys rate 1n the 1
followlng decreasing order of resistence to crack propsgetion:
2014-T652, 2024-1852, T075-17352 enda 7079-T652.

Key Words: 2014, 2024, 7075, 7079, aluminum, hend forgings,
tensile, compressive, shear, vearing, fracture-
toughness, fatigue, stress-corrosicn, exfollsastion,
crack propssation, stress-relieved.

This abstract 1s subject to special export controls and es~h
transmittel to foreign governments or foreign netionels me, be
naede only with prior spprovei of the Alr Force Materials
Leboretory (MAAE), Wright-Patterson Air Force Base, Ohlo 45433,
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SECTION I
INTRODUCTION

The design mechanical properties, fracture toughness,
corrosion characteristics and fatigue-crack propagation rates
are four of the most important factors involved in the selection
of materials and efficlent design of aerospace structures. The
importance of these characteristics has been emphasized by the
extensive investigations made in recent years to obtain such
information for aluminum alloy plate and extrusions (1-4)., It
is particularly timely that similar data be developed for
sluminum alloy hand forgings since (a) much of the published
des data has become obsolete by a change in the basis of
specify minimum tensile properties, from one in which the
length, width, thickness and cross-sectional area were considered,
to one vhere only the thickness and cross-sectional area are
involved; (b) the development of a technique of stress-relieval
by cold work in compression has resulted in new tempers (TX52)

. for many of the alloys; and (c) there have been some significant
problems related to the fracture and stress-corrosion character-
istics of forged parts.

Accordingly, the properties of some 2 thro 6-1in.
thick stress-relieved 2014-T652, 2024-T852, TO075-T7352 and
7079-T652 aluminum alloy hand forgings have been determined in
this investigation. The data were obtained to establish design
mechanlcal properties for use in MILrHDBK%ﬁA(Sl, including
typical and minimum stress-strain and compressive tangent-
modulus curves, In addition, data concerning the fracture
toughness, axial-stress fatigue, stress-corrosion, exfoliation
and fatigue-crack propagation characteristics of a selected
number of the hand forgings have been obtained.




SECTION II
MATERIAL

A total of forty 2014-T652, 2024-T852, 7075-T7352 and
1879—T652 hend forgings were produced by the Cleveland Works of
coa for this investigation. ZEach of the forgings was fabri-
cated independently to represent an individual lot of meterisl,

The 1dentlty, size and chemical composition of the
individual hand forgings together with the respective specified
composition limits are shown in Table I.

These forgin%s represent the range of slzes ususlly
encountered in commercial production with regard to thickmess
and width/thickness ratlo. The thicknesses ranged from 2
through 6 in,, the widths from 5 through 24 in., and the width/
thickness ratios from 1 through 4.

The chemical compositions of the forgings are within
the appllicable 1imits specified in Federal Specification
QQ-A-367g, Military Specification MII-A-22771C end "Aluminum
Stendards and Dete’', The Aluminum Association(6).

The samples were solution heat treated, cold worked
and artiflicially sged in accordance with Mllitsry Specification
MIL~H-6088D and the recommendations given in "Aluminum Standards
and Deta'(6). The 7075-T7352 samples were stress-relieved and
aged to mest the requirements of paragraph 4.10 of Federal
Specification QQ-A-367g and Paregraph 4.6.5.1 of Military
Specificatlion MIL-A-22771C.




SECTION III
PROCEDURE
: A, Mechanlcal Properties

A,1, Tensile, Compreasive, Shear and Bearing

The specimens and test procedures were, iln general,
in accordance with ASTM methods, asnd the same as those used 1n
previous investigetions of platc and extrusions(l-4), These
rnetkzoc)ls are essentially in agreement with Federal Test Method
151(7).

The tests were conducted with the smallest suitable

! load renges of an Amsler 20,000-1b (Type 10SZBDA58), an Olsen

| Electomatic 30,000-1b, or a Southwark-Tste-Emery 50,C00-1b
capacity Universsl Testilng Mechine, The mechlnes were cell-
brated pricr to and during the investigation; the accuracy of
"1 each was within that required by ASTM(8) and Federal Specifice-
: tions.

Single specimens were tested except in a few instances
where & review of the date indicated that check tests were
needed,

All specimens were tsken so thaet the test sections
were within the center third of the cross-section of the forging
, as illustreted in Fig. 1. Tensile, compressive and shear tests
! were made of specimens teken in the longitudinal, long-transverse
and short-transverse directions; beering tests were made of
longitudinal and long-transverse edgewlse specimens.

| The nominel dimensions of the specimens are shown in
 : Figs. 2, > and 4,

Tensile tests were msde in accordance with ASTM
Methods E8(9) with 1/2-in. diameter tapered-seat specimens
except where it was necessary (in the short-transverse direc-
tion) to use subsize round specimens (Fig. 2).

The compressive tests were mede in eccordance with
ASTM Methods E9(10) using a subpress (Fig. 3 of ASTM Methods E9).
The specimens were cylindrical, 3/2 in. In dimmeter x 1-7/8 in,
‘ long, with & slenderness ratio (i/r) of 15 (Fig. 2).

Tensile end compressive yleld stresses were determined
from autographlic loed-strain diegrems at 0,2 per cent offset,




Tosts to determine the ultimate shear stress were made
using 3/8-in. dlameter specimens (Fig. 2) taken from the same
locations as the tenslle specimens, except that tests of short-
transverse specimens were made oniy on forgings 3 in, or more in
thickness. 1 teats were mede with a relatively rigid double-
shear tool, wherein a l-in. length 1s sheared from s 3-in. long
specimen, the end thirds belng supported throughout their
lengths, In the tests of longitudinel and long-transverse
specimens, thse locads were applied in the direction normal to
the major surface of the forging; in the tests of short-
transverse speclmens, the loads were applled in the direction
parallel to the major axis of the forging(ll).

The bearing tests were made 1n accordance with ASTM
Method E238(12), using longitudinal and long-transverse edgewlse
speclmens, 0.09& in. thick x 1-1,/2 in. wide, with a 0.375-1in,
diameter hole (Fig. 3). The specimens and test fixtures were
cleaned ultrasonicelly in a suitable nontoxic solvent prior to
test . The bearing ultimate streases and yleld siresses were
dete ed st edge distances of 1.5 and 2.0 times the pin
dlameter. The bearing yleld stress wes determined ss the stress
at a permanent deformation of 2 per cent of the pln dlanmeter as
indicated on autographic load-deformetion diagrams.

Tensile and compressive stress-strein tests, including
modulus determinations, were made of longitudinel, long-
transverse znd short-transverse specimens taken from a selected
numnber of the samples. The testis were conducted in accordance
with ASTM Method E111(1i3) with uniform-reduced-secticn specimens
(Fig. 4). 1In 211 tests, the strains were messured over & 2-in.
gage length with two Tuckermsn optical sirain gsges positioned
diametrically opposlte on the specimen. A cellbration made of
the Instruments pricr to the stary of these tests indicated
that they meet the ASTM requirements of a {less A extensometer
(14)., The values of moduli of elasticity were determined by
the ctrain-deviation method described in ASTM Method nlll(l}).
Rased on these selected tests, representative typical and
minimum tensile and compressive stress-sireln curves and com-
pressive tangent-modulus curves were developed using the
procedures outliined in Sections %.2.3, 3.,2.5 and %.2.6 of
Technical Report AFML-TR-66-386(15).

A2, Frecture Touzhries:

Fraciure toughriess tests were mads of & selected
number of ihe ssmples using fatigue-cracked notch-bend specimens
of the types shown 1in Flg., 5; 1n eucnh case, the largest possible
size of specimen was ':sed, The dimenslions o the specimsns end
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the test procedures were essentially in accordance with the ASTM
Proposed Method of Test For Plsne-Strain Fracture Toughness of
Metallic Materials(16).

Tests were made of triplicate longitudinal (LW), long-
trensverse (WL) gnd short-transverse (TL) specimens from each of
the selected samples.* 1In the tests of the 6x24-in. 7075-T7352
forging (Semple No. 341036) in the TL direction, the largest
notch-bend speclmen that could be obtalned from the sasmple was
not of sufficient thickness to develop a valid test; therefore,
compact tension fracture-toughness specimens of the type shown
in Fig. 6 were also used. Thesec tests were made in accordance
with the ASTM Method for Plane Strain Fracture Toughness Testing
of Metailic Meterisls(16).

The notch-bend specimens (Fig. &) were fatlgue-cracked
b% cantilever bending (R=-1.0) in a Sonnteg SF-4 machine at
3650 cpm; the setup 1s shown in Fig. 7. e compact tension
specimens (Fig. 6) were fatigus-cracked by axial loading
(R=+0.1) in Krouse fatigue machines at 1750 cpm.

The setups used for making the fracture-toughness
tests of the notch-bend end compact tension specimens are shown
in Flgs. 8 and 9, respectively. The tests were made in a
30 000C-1lb cenacity Olsen screw-driven testing machine, and
load veraus crack opening-displecement (COD) curves were
obtalned esutogrephicselly with 8 Mssley X-Y plotter., For esch
test., a candidste value of the criclcal plane-strain stress
Intensity ractor, K¢, wes calculeted using the load at which
there was a crecx extension of abcocut 2 per cent of the original
creck length, as 1ndiceied con the autographic load-dlsplacement
curve, Thic ioed wes determinesé by applying the svpropriate
secant off'set of 5 per cent for both the notch-bend and compact
tension testst to the autcgrephic curves,

'he K¢ values were consldered tc be meaningful velues
of K1, if they met the folliocwing criterie:

a, Tne thickne
.
v

g end
were large with respect Lne

8
ot

crack length of the specimen
ize of tne plastlic zone at the

o

* A Lwo-lLotter system is used to describe the orlentation of
the {reciure-toughness specimens: the first letter indicates
the direction of a line normel vo the crack plene snd the
seccnd letter indicstes the direction of crack growth,
L - iength ol forging; W - Width of forging; 7 - Thickness of
forging.

t Recent eciion of ASTN Commlittee L4 nes mede the secant offset
for compect tension specimens 5 per cent instead of 4 per cent
as shown in Ref. 16.
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crack tip, This requirement wese considered to have been met if
the thickness and crack length of the test spec%men were equal
to or greater than 2.5 times the ratio (Kg/0ys)<.

b, Mst of the deviation from linearity in the load-
displacement curve prior to the secant-offset intersection was
caused by crack extension, rather than plastic deformation of
the specimen, This requirement was considered to have been mst
if the horizontal displacement of the load-displaecement curve
from the initiml slope at the load equal to 80 per cent of the
load at the secant offset intercept was not more than 1/4 of
the displacement at the secant offset intercept.

c. The fatigue-crack front was sufficlently extended
from the machined notch, and was not excessively curved or out
of plane.

d. The specimen was fatligue cracked at a stress
intensity which was less than half of the calculated KQ value,

or 0.0012vin. times Young's modulus for the materiasl, whichever
was smaller,*

In some instances, K; values were interpreted to be

meaningful values of Kfc if the criterie a, ¢ snd d* were
exceeded by only a slight margln, as noted in Tsble XXII.

A.3. Axlsl-Stress Fetigue

Axial-stress fatigue tests were made on smooth
speclmens of the type shown in Fig., 10. Three long-trensverse
apecimens were tested from each ¢of severel selected samples.
They were tested at tnree stress levels (R=0.0) in Krouse
fatlgue machines operating at 1725 cpm.

B, Corrosion Characteristics

A complete outline of the corrosion tests 1s given in
Table XXV,

B.l. Stress-Corrosion Cracking (SCC)

Five hand forgings of each alloy and temper were stress-

* Recent action of ASTM Commit .ee E24 has moved the 1limit on
stress intensity for fatlgue cracking to 60 per cent of Kic,
although this is not yet published in ASTM Standsrds.
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corrosion tested., All were tested in the short-tresnsverse i
direction, and the 2, 4 and 6-1in. thick forgings were also
tested in the longltudinal and long-transverse directions

1 reletive to the grein flow. Tenslle specimens, 0.437 in. in
F o diasmeter (Fig. 23), were employed for the longitudinal and

long-transverse test directions, and tensile specimens, 0.125
in, in diameter (Figs. 24 end 25), were used to test the short-
transverse direction. The test specimens wese confined to a
2-in, thick x 6-3/8-in. wide block centered on the midplaene
(T/2) and on the center-line (W/2) of the forging. Inspection
of macroetched slices (Figs. 25-29) indicated that this loca- [
tlon would provide specimens with the desired orientation
relative to the grein flow pattern,

The tensile specimens were stressed 1n '"constant

, strain" type fixtures (Figs. 2% and 30) by means of loading

: devices of the type shown in Fig, 31. During exposure, the 4

Co ends of the specimen and the stressing frames were protected by
-

i means of an appropriate coating so that only the test section |
of the specimen wes exposed.

] Stressed and unstressed speclimens were exposed to the ,ﬁ

! 3.5% NaCl elternate-immersion test. The sodium chloride .

solution was made with salt of 99.7-per cent purity and New

: Kensington tap water. Tap water was used because large volumes

P of water were required and because New Kensington tap water 1s

j essentially free of heavy metals, Water lost by evaporstion

, was replaced by additions of tap water, and the salt concentra-
tion was regulsrly checked and edjusted as necessary. The X

C solutlon was changed monthly and at each change the specimens .

: were cleaned by spraylng with tap water,

The alternate-immersion cycle consisted of total
immersion of speclmens for 1C minutes and aeration sbove the
. solution for £0 minutes. This cycle was continued 24 hours &

. day for the entire test period. The test equipment (Fig. 32)
conslsts of large stationesry psinted eluminum alloy tanks with
the specimens supported on sn open asluminum alloy (6061-T6)
fremework that 1s raised and lowered to provide the alternste-
Immersion c¢ycle.

[y

The slternate-immersion test was conducted in a large
laboratory room at amblent tempersture and humidity. Both the
! air temperature and solution temperature were subject to
I seasonal varlation, and ambient conditions had the typicail

l

ranges shown below,
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May to September: air temperature ., , . . . . 68 to 90 F
solution tempersture . , , 64 to 72 F
relative humidity . . . . . 35 to 70%

October to April: eair temperature . ., . . . . 62 to 78 F
solution temperature . . , 58 to 68 F
relative humidity . . . . . 25 to 60%

Measurements have shown that the temperature of the
test specimens themselves remaln within 2 to 3 degrees of the
solution temperature throughout the drying cycle,

All specimens that falled during exposure were
inspected visually, and repressentative fallurss were examined
microscopically to verify that stress-corrosion cracking (SCC)
was the cause of failure, In addition, the tensile specimens
that did not faill during exposure were tension tested to
dotermine the change jn ultimate tenslle strength caused by
corrosion. For comparison, control specimens that had been
concurrently exposed without stress were also tested.

Meny years of experlence at Alcoe Reseerch Laborator-
fes in stress-corroslon testing varlous products msde of the
alloys included in thils program have shown that the 3.5% NaCl
slternate-immersion test relstes very well to seacoast atmos-
pheric exposures(1l7). That is, test speclmens stressed to
various levels at which 38CC occurs in the slternate-limmersion
teat also will fall when exposed to 8 seacoast stmosphere, and
test speclmens that are resistant to SCC in the alternate-
immersion test will be resistant 1ln both seacoast and industrial
atmospheres, also. A partiasl exception to the latter exists
with 7079 alloy which, at low stress levels, has a higher
probability of 3CC in the atmosphere than in the 3.5% NaCl
slternate-immersion test (18).

B.2. Exfollation

Because exfolliation of aluminum alloy forgings is
relatively infrequent in service, exfoliation tests were
restricted to only two sizes (2xé in. and 6x24 in.) of forgings
of each alloy.

Twc panels, 4x6 in. in size, were machinesd from each
forging. One panel was machlned so as to place the test
surface at 10 per cent of the forging thickness to represent
parts which would receive slight machining, and the second
psnel was machined to mid-thickness (T/2 plane), to cimulate
extensively machined material,

et e
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The test panels were exposed at a 45 degree angle to
an aclidified salt spray in a cablnet designed to meet the
requirements of ASTM Method B287-68 for acidified sslt spra
tests(19). The test conditions were the same as those required
by ASTM except for the following variations which develop more
severe exfoliation attack than the standard ASTM test:

(1) Operating temperature wes 120 F, rather than 95 F,

(2) Specimens were intermittently sprayed in 6-hr
repetitive cycles, consisting of 3/4-hr spray time, 2 hours of
dry-air purge, 3-1/4 hours st 100-per cent relative humidity.

The specimens were inspected dally, and at the
termination of the tvWc-week exposure period, the panels were
chemicalily cleaned and visuslly examined for evidence of
exfoliation attack, Previous testing experience has shown that
test results from this accelerated test can be correlated with
exposure tests in & seacoast atmosphere(20).

C. Fatigue-Crack-Propagation Tests

These tests were performed only on forgings of
6x24-1in. cross section. Table XXXI gives the schedule of the
tests, with pertinent information regerding type of notch,
specimen proportions and orientetlon within the forging, test
environment end the stress conditions under which cracks were
propagated.,

In previous tests of this kind on thick plaie and
extrusions (2,3 &nd 21), extensive use wes made of the mild
notch cracik starier shown in Fig. 471, Because of the eccentric
cracking oi'ten obtained, however, it wes decided that a sharper
notch shou.d be tried, Detalls of & "sharp'" notch are shown
in Figs. 13 end and 44 for 24-in, and 6-1n, long specimens.
Comparative tests of the twe notch designs in the 2014-T652
forging showed that crack initiation and propagation with the
snarp notch was still not es uniform as desired. Accordingly,
the Eiox notch shown in Fig, 45 was adopted for the remsinder
of the progrem. With this design it was necessary to propsgate
a fatigue crack from the 0.,2-in, initisl notch width to a total
cf 0.5 in,, where meessurements of creck-propegation rates were
begun. Crsck initlation was produced by cycilng the specimens
to & maximum gross tensile siress of 12,5 xsi. The machine load
was then edjusted, as schedulec, to the test stress and the
cracking continued to produce a 0.5-in. notch length.

In & few tests, limited to the 2014-TES2 forging, the
maximum stress in the test cyclile wes lucreased, or decreased,
after the total length of notch plue crack reached 1,0 in,

W
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The majority of tests were made in laboratory air
having a wide range of relative humidity. The humnidity was
monitored during each test and the range of values recorded,
In a few tests made in & controlled etmospheric environment
the specimens were enclosed in the container shown in Fig, ﬁ6.
Iry air, having & relative humldity of 10%, was obtained by
use of a dessicant., High relative humidity, above 90%, was
obtained by having a small water reservoir within the specimen
enclosure. Salt fog was obtained by spraying a 35% NaCl see-
water solution into the contalner et 15-minute intervaels, The
humidity wes maintained at & high leve. by means of salt
water in the reservelr,

Crack-propagation characteristics were investigated
in the three principal dlrections of the 7075-T7352 and
7079-T652 forgings. Also, specimens were taken from one
skewed direction to provide a condition of grein runout. It
was assumed, on the basis of the comperative tests of 6-in.
and 24-in, long sharp-notched specimens, taken from the same
direction in the 2014-T652 forging, that specimen length was
not a significant factor in evaluating dlrectionsl effects.

The fatlgue-crack-propaegation tests were made in
machines of 50,000-1b capacity. Plctures of these, with some
of the fixtures used, are shown in Figs. 47 and 48,

Crack propsgation was deduced from lengths measured
at the surfaces of the specimen with & magnifying glass and
scale, the latter grsduasted in 0.01 in. More precise messure-
ments dld not seem justified because the cracks tended to propa-
gate on a convex front.
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SECTION IV
RESULTS OF TRSTS

The results of the 1lndividual tenslle, compressive,
shear and bearing tests, the ratios among certaln properties,
the statistlcal gnalysls of these ratlos, and the computed
deslign values are presented in Tables II through XIX. The
results of the stress-strain and modulus of elasticity tests
are shown in Tables XX end XXI and in the stress-strain snd
compressive tangent-modulus curves in Figs. 11 through 18,

The resuits of the fracture-toughness tests ere shown
in Tables XXII and XXIII. The results of the axisl-stress
fatigue tests are shown in Table XXIV and in Figs, 19 through
22,

The results of the stress-corrosion tests are shown
in Tables XXVI through XXX,

Ine resuits of the fetlgue-crack propagetion tests
are presented in Figs. 49 to 109. For each condition studied,
two plots are presented: the first 1s a plot of the crack-
propagation dete and tle second 1s a piot of the fatigue-crack
growth rete versus . K, the range of stress-intensity fector
for the seme deta, The cracx-growth rates, 228%, were determined
by computer from the slopes ¢f the crack- dN prepagstion
curves, The actual crack-propegstion date for each specimen are
gilven in the Appendix. Flgs. 1i0 and 111 shcw a comparison of
the crack-growth rates of these alloys and with those previously

determined for thick specimens of plate end extrusions(2,3 and 21).

* a = 1/2 total crack length (notch length plus fetigue cracks);
N = number of cycles
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SECTION V
DISCUSSION QF RESULTS
A, Mechanical Properties

A.1. Tensile, Compressive, Shear and Bearing

The results of the tenaile, compressive, shear and
vear tests of the individual samples of 2 to 6-in, thick
2014-T652, 2024-T852, 7075-T7352 and 7079-T652 hand for1 rgs
are sumnarlized in Tables IT through V. The tensile pro;srties
of each sample meet the applicable minimum-property requir-ments
shown in Table VI,

The ratios among the properties determined for the
individual samples are sumnmerized in Taeble VII. The statistical
analyses of the ratlo datas were made in ¢ ‘cordasnce with the
procedures outlined in Mil-Handbook-5 Guidelines for Presenta-
tion of Data(15).

A regression analysis of each group of ratios was
made to determine whether the data showed a significant
correlation with thickness, %hen & significant correlation with
thickness was indlceted, values of minimum-ratios, [, were
selected which correspond with thelower limit of the confidence
band around the regressicn line at the meen of each respective
thickness range. When no covrclation wes siown, a sin%%e
mlnimum value of R wes selected Tor all thicknesses, ese
values of minimum X were used for determining derived design
values for the respective thlckness ranges,

The distribution of the ratics, and the vaiues for
the various terms in the statistical enalyses, are shown in
Tables VIII to XI., Of the ratlos invoiving compressive yleld
stresses, only those for 2024-T852 in the longitudinel and
iong-transverse directlons show & correlation with thickness,
There Is nc correlation with thiciness indicated in the ratios
involving shear and bearing stresses for any of the alloys
invastigated,

Since the sheer and bearlng tests were mede with
spocimens taken in two cr three directions (L, LT end ST),

Student's "tu" test and 'T" test were spplied to the ratios for

each direction to determine if there were signiflicant differ-
senices 1ir theo averege ratios cr in the verlabllity for the
differ=nt directions. Where none wes indicated, the ratios for
the dillerent directions were combinea for computetion of the
minimum ratlios to be used; where there wss & significant
difference, the mcst conservellive vaiue was used,
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The ratio values used in computlng the design values :
& from the specifled tensile properties of the respective thlck- :

o ness ranges of each alloy are summarized in Tables XII to XV.
The correSfonding computed design values for each of the alloys
are summarized in Tables XVI to XIX; also shown are the differ-
ences betwsen these values and the corresponding values
presently in MII-HDBK-5A.

A b M

i

In preparing the design tables for 2014-T652, 7075-
i T7352 and 7079-T652, the resgective tenslle-property velues in
i Federal Specification QQ-A-30T7g and Militsry Specification }
MIO~22771C, as shown in Teble VI, were used as basls-property ]
! "S" values. The tentative values for 2024-T7852 were based on

i the tenslle data determined in this investigetion end Alcoa
production date, The basis-property values and the ratios
shown in Tables XII to XV, were used in computing the remaining
design values.

- As shown 1in Tebles XVI and XIX, the derived design §4
: values of compressive, shear and bearing properties for 2014- i
, T652 and 7079-T652 hand forgings differ slightly from the values
i now publlished in MIL-HDRK-5A. For 2014-T652, the computed
P derived values of Fcy (LT) &re 1 ksi higher; the Fgy and Fppy
values, 2-3 ksi lower; the Fpry values for e/D=1.5 are 1-2 ksi
E lower and for e¢/D=2.0, 1 ksi lower to 1 ksi higher. For

o 7079-T652, the computed derived values for Fe (L) are 2 ksi
lower and those of Fzy ere the same or 1 ksi Xowe . The
slightly lower values of shesr stresses developed in this con-
| tract may be partially explained by the fact that the loads 1in !
the shear tests were applled normal to the major suwface of the i
hend forgings, whereas in previous tests, the loading direction i
: was not controlled(li). No design vslues are presently shown

for 2024-T852 and 7075-T7352 hend forgings in MIL-HDBK-5A,

The resuits of the individual tensile and compressive {
stress-strain tests and the modulus of e¢lasticity tests are
summarized in Table XX; the average modulus values are shown in
Table XXI.

| VPPN SIVTIRIRIRT IR L e

In the modulus tests, none of the alloys investégated
showed sny significant difference in modulus values that might i
be readily sssociated with thickness of sample or the specimen 1
directlon (L, LT or ST). The modulus of elastlcity of esach
alloy is indicated to be three or four per cent higher in
compression than in tenslon.

o

Tne average moduli for the two alloys of each seriles
(2000 and 7000) were nearly equal; average tensile and compres-
sive mocdulus values for the two seriles are:
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Modulus, psi

Alloy

Serles Tension Compression
2000 10 500 000 10 800 000
7000 10 000 000 10 400 Q00

The average modulus values shown above for the 2000
alloy series (2014 and 2024) sre the same for tension eand 1 per
cent higher for compression than the applicable values now shown
in MIL-HDBK-5A, whereas the applicable values for the 7000
series (7075 and 7079) are slightly lower by 3 per cent in
tension and 1 per cent in compression, These average values
are 1 to 4 per cent lower than those obtained for stress-
relieved plate and extrusions in previous contracts, Technical
Reports AFML-TDR-64-105, May 1964, and AFM-TR-68-3k, Februery
1968, respectively(l and 4). The modulus values determined for
the hand forgings are shown in Tables XVI to XIX, and were used

in preparing the stress-straln and compressive tangent-modulus
curves shown in Figs, 11 to 18,

The results of the individual stress-strain tests
indicated that, for a given elloy, temper and directlion, there
was no apparent trend with thickness in the offsets from the
modulus line at stresses expressed in per cent of yleld stress,
Typicel and minimum ("S" value) stress-strain and compressive
tangent-modulus curves have been prepared for the alloys in
thickness ranges as shown in Figs, 11 to 18. The curves were
derived and presented in accordance with the procedures outlined
in MIL-HDBK-5 Guidelines for Presentation of Deta(l5). The
tensile yield stresses used in deriving the typical stress-
strailn curves sre the typlcal velues indicated in Alcoa's pro-
duction in recent years; it 1s assumed th&at these values would
be representative for the industry. The compressive yleld
stresses were based on the average ratlos shown in Tables XII
to XV. For the minimum stress-strain curves, the tensile and
compressive yield stress values shown for the appropriate
thickness range in Tables XVI to XIX were used.

A.2., Fracture Toughness

: The results of the individuel frecture toughness
tests are shown in Table XXII. Although some of the values &re
not strictly valid by eall of the criteris of the ASTM Recommend-
ed Method of Test for Plane-Strain Fracture Toughness of
Metallic Materials(16), most of the calculated KQ values are
considered to be meaningful values of Kis since certaln
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criteria were exceeded only by a smsll amount, as indicated in
the table. With but two exceptions, maaninggul Kyc velues were
obtained for all of the contract materisals the cifferent
directions., The data indicate that the fracture tcughness of
each alloy is greater in the longitudinal (LW) direccion than in
the long-transverse (WL) direction and lesst in the short-
transverse (TL) direction.

The meaningful values of Kgc from Table XXII are
sumarized in Tsble XXIII, The fracture toughness vaiues
determined for 2014-T652, 2024-1852 and 7079-T652 indicate no
dafinite trend with thickness, however, the values for 7075-
17352, in each direction, show & tendency to increase with
increased thickness.

' Also included for comparison are the average fracture
toughness values determined for somd extrusions (TX510 tempers)
in a previous contract(4). In most instences, the reaspective
average values siiown for the hand fo s and the extrusions
are in good agreement; there sre large differences (in excess
of 10 ver cent) between the long-transverse values for alloys
2014 and 7079, with the hand forgings having the lower values,
It is pointed out, however, that the values shown for the 2014
and 7079 extrusions sre based on duplicate tests of only one
sample of material, whereas the values for the 2024 and 7075
extrusions are based on tests of 4 to 6 samples.

A.3. Axlal-Stress Fstigue

The results of the exial-stress fatigue tests (Re0,0)
of long-transverse specimen: from the 2, 4, 5 and 6-in. thick
forgings are shown in Teble XXIV and in Figs. 19 to 22. log-
mean fatigue life values for iwo of the three preselected
stress levels, at which the respective alloys were tested, are
shown in the teable; the curves have been drawn through these
polnts and extended tc indicate the trend of the daste. Ilog-
mean 1lives could not be cslculated {or the lowest stress because,
for each alloy, at least one specimen did not fail within the
number of cycles allotted to the test.

The test results for 211 four =2lloys indicate thst
there may be a correlatlon between the fatigue life and thick-
ness of the hand-forging sasmple; in most of the tests, at all
three stress levels, fatigue 1lif'e decreased with incresse in
forging thickness.

To allow comparison, the fatigue curves determined

for plate and extrusions In previous investigations (2,3,4) are
also plotted in Figs. 19 to 22. 1In genevral, the log-mean
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Modulus, psi

¥
3
:

Aloy

- Serles Tension Compression
2600 10 500 000 10 800 0co
7000 10 000 000 10 400 000

The aversge modulus values shown above for the 2000
slioy series (2014 and 2024) are the same for tension and 1 per
cent higher for compression than the appllcable values now shown
in MI1-HDBK-5A, wheress the applicable values for the 7000
series (7075 and 7079) eare slightly lower by 3 per cent in
¥ tension and 1 per cent in compression. These average values
" are 1 to 4 per cent lower than thcse obtsined for stress-

relieved plate and extrusions in previous contracts, Technical
ngorts AFML-TDR-64-105, My 1964, and AFML-TR-68-34, February
19¢8, respectively(l and 4)., The modulus values determined for
~the hend forgings are shown in Tables XVI to XIX, and were used
in preparing the stress-straln and compressive targent-modulus
curves shown in Figs, 11 to 18,

The results of the individuel stress-strein tests
indicated that, for a given elloy, temper and directilon, there
was no apperent trend with thickness in the offsets from the

) modulus line ef stresses expressed in per cent of yileld stress.
Typicsl and minimum ("3" value) stress-strain end compressive
tangent-modulus curves hsve teen prepsred fo the alloys in
thickness ranges os shown in Figs, 11 to 18. The curves were
derived and presented in accordence with the procedures outlined
in MIO-~HDBL-S5 Guidelines for Presentation of Deta(l5). The
tensile yield stresses used in derlving the typlcel stress-
strsin cwwve: are the trypical valueg indicated in Alcoa's pro-

: duction in rezent years; 1t 1is assumed thet these values would

| b2 representative for the industry. The compressive yleld !

! sgrresses were based on the averege ratlos shown in Teoles XII
to ¥v. For the minimum stress-strslin curves, the tensile and
comprzssive yicld stress vealues shown for the eppropriete
thickness range in Tebles XVI to XIX were used.

A.C. Frecture Toughness

The resuits of the individuali fracture toughness
tests ere shown 1n Table XXIT. Although some of the values are
not atrictiy val’d ty all ¢f the criteria of the ASTM Recommend-
ed Methind of Tes. for Plane-ctrain Fracture Toughness of
Metallic Meteriels(16), —ost of the calculated K velues are
rccnsidered to be meaning.ul values of Kye since certailn
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criteria were exceeded only by a8 small amount, as indicated in
the table, With but two exceptions, meaningful Kj. values were
obtained for all of the contract materials in the Sifferent
directions. The data indicate that the fracture toughness of
each alloy is greater in the longitudinal (LW) direction than in
the long-transverse (WL) direction and lesst in the short-

transverse (TL) direction.

The meaningful values of Kjec from Table XXII are
sumerized in Teble XXIII. The fracture toughness values
determined for 2014-T652, 2024~-T852 and 7079-T652 indicate no
definite trend witn thickness, however, the values for 7075-
T7252, in each direction, show a tendency to increase with
increased thicikess.

Also included for comparlison are the averege fracture
toughness values determined for some extrusions (TX510C tempers)
in a previous contract(4). 1In most instances, the respective
average values shown for the hand forgin%§ and the extrusions
are in good agreement; there are large differences (in excess
of 10 per cent) between the long-transverse values for alloys
2014 and 7079, with the hand forgings having the lower values.
It is pointed out, however, that the values shown for the 2014
and 7079 extrusions are based on duplicate tesits of oniy one
sample of material, whereas the values for the 2024 and 7075
extrusions are based on tests of 4 to 6 sampies.

A.3, Axiel-Stress Fatigue

The results of the axlel-stress fatigue tests (R=0.0)
of long-transverse specimens from the 2, 4, 5 and 6-in. thick
forgings are shown in Teble XXIV and in Figs. 19 to 22, log-
mean fatligue 1life values for two of the three preselected
stress levels, at which the respective alloys were tested, ere
shown in thec table; the curves have been drawn through these
polnts and extended to indicate the trend of the dats. log-
mean lives could not be celculated for the lowest stress because,
for each alioy, at least one specimen did not fail within the
number of cycles allotted to the test.

The tost results for ell four alloys indiceste that
there may be a correlatiocn between the fatigue 1ife and thick-
ness of the hand-forging semple; in most of the tests, at sgll
three stress levels, fatigue life decreased with increase in
forging thickness.

To allow compsrison, the fatigue curves determined

for rlate and extrusions in previous investigations (2,3,4) are
also plotted in Figs. 19 to 22. 1In general, the log-mean
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fatigue values of the hand forgings are about the same or
slightly higher than those of the extrusions, and somewhat
lower than those of plate of the correspond alloy =nd
temper. However, at the lower stress level, the {atigue ilfe
for 2024-T852 hand forgings is indiceted to be substantisally
greate{ than those of both 2024-T651 plate and 2024-T851X
extrusions.

B. Corrosion Characteristlcs

B.l. Resistance to Stress Corrosion Cracking (SCC)

The data obtalned from tests of iongltwiinel sn:
long-transverse 0.437-in. diameter tensile specimens are given
in Tables XXVI and XXVII, #nd similar data {rom tests of suort-
transverse 0.125-in, diame: 3v tensile speclmens are given ia
Tables XXVIII and XXIX. Supplementel test dats (retests) {'or
selected forgings are given in Table XXX,

A high resistance to stress-corrosinn crack'!rng woe
exhibited by longitudinsl specimens from eech of the ‘-reinge
tested. Long-transverse specimens from the N2u-TBRe end
T075-T7352 alloy forgings were also highiy resistant o SCC.
but long-transverse speclmens from the z0ih-TH52 ang 70705 2
vere %enerally susceptible (Figs. 33-36) ai stresses ~quel U
75% of yleld strength. These results generally ere in good
agreement with exlsting stress-corrosion guidelines for these
forged products.

Tests ol the short-transverse specimens uhowed guooe
agreement with expected performence of the various a2lloys and
tempers; i.e., the 7075-T/352 specimens, in generesi, wero
highly resistant to stress-corrosion cracking, the - 02b-THe2
speclmens showed some susceptiblliiy at high stresues only. ana
the 2014-T652 and TOT9-T652 spocimens were suscep.lible at
relatively low leavels of strcrs. Some nontyplca: henavior was
observed, however, end limit:d supplemsntsl testing wns cor-
ducted to check the initial results.

The performance of short-transverse specimens from
the 2, 3 and 5-in. thick 2014-T652 and 7079-T6%> alloy !orgings
was better than that previously observed with Forglnes ol these
alloys, but was within the sphoere of existing cdats for these
materlals, Retests with specimens {rom the 2-in. thick
forgings showed these alloys to be susceptible to SCC ot »
stress of 2z2.5 ksi, while nelther elloy had friled at that
stress during initlsl testing. The 2014-752 sgpecimens also
failed at a stress of 15 ksl during these retests, The retest
data better typlfy the expected performance of these forgings.
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In comparling the initlal and supplementazy test
results (Table XXX) for the 2-in. thick 2014-T652 and 7079-T652
forgings, it was observed that the two tests had been conducted
during different seasons of the year. The initiel teste were -
conducted during the winter montis (November - February), and
the retests during the summer months (July - October). The data
strongly s est that tests conducted under amblent conditions
can be significantly influenced by seasonal veriations,

Feilures were encountered at 75% YS of short-
transverse specimens from the 3 and 4-in., thick 7075-T7352
forgings. For the 4-1in. thick 7075-T7352 forging, 1 of 3
specimens failed after an exposure of 6ﬁ deys; however, metal-
lographlc examinstion revealed thst the fsllure was not typlcal
of stress-corrosion craciking (Flgs. 37 end 38). Three specimens
from the 3-1in, thick forging falled after only 8 days exposure,
and microscopic examinstion showed the failiures to be typicel
of stress-corrosion cracking (Filgs. 33 and 40), Although

Federal Specification QC-A-367g does not list stress-corrosion -

cracking criteris for T7075-T7352 slioy forgings, th3 new
edition of MIL-A-22771C does requirs that the c¢riteria specified
for 7075-T73 forgings elso be spplied to forgings 1in the T7352
temper. These criteria stevzs that shori-transverse specimans
stressed at 75 per cen!, of the minirmum longitudinsl yileld
strength snhell szatlsfactorily complcte o 30-day exposure in the
3,54 NaCl alternate immersion. On tne basls of the strengths
1isted in "Aluminum Standzrds and Dsue', April, 1968, the test
stress for a 3-in. thicx forging would be 33.7 ksl, Hence, the
3-in. thick hand rorging did not fulfill the stress-corrocion
cracking requirements of the Mlitary Specification MIL-A-
2z77iC. The forging, therefors, cannot be conaiaered to
represent the T7252 temper from thie standpoint of corrosion
resistance, This 1s surprising becsuse tne forging met the
electrical conductivity - yieid strength criterion, though in
bvorderline fsshion, for céequete resistance Lo stress-corrosion

cracking.

B.2. Reslstance vo Exfollstion

No exfolilstlion was detected on the panels exposed to
the ecidifiec intermittent spray rerardless of alloy, end no
significant differences werz cbservued between specimens from
different regions (T/10, T/2) relative to the forging thickness.
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C. Fatigue-Crack Propsgation
C.1. Tests of 2014-T652 Hand Forging

The 2014-T652 specimens were selected to investigate,
for one orientation in the forging, the effects of (1) notch
shape, (2) specimen length and (3) change of load on crack-
progagation retes. These results sre presented in Pigs. &9
to 67. Although the sharp notches produced somewhat more
symmetrical crac than the mild notches, the crack-growth
rates were not si icently different.

The results for this slloy show a surprlsing.y large
amount of scatter, which mey have obscured tne effects of soad
of the test variables, The fracture surfaces of the milid-
notched specimens, 7 snd 10, wvhich showed & large difference
in crack-growth rate, were visibly different, es were those of
the adjacent sharp-notched specimens, 8 and 1. Cross sectlions
near the fracture surfaces of specimens 7 emd 10O are snown in
Fig. 57; Specimen 7 shows a directlonel or fibrous-type racture
vhereas specimen 10, which had a higner crack-propegrticn mlse,
shows a coarse, nonflbrous fracture. These specipens wore laxken
from the seme central portlon of the forging cross section at
locations only 3 in. apart.

The resulls for specimens of G-in. and 26-in. lengihs
do not show consisteni dif{ferences in crack-growih rates for the
loadings investigsted. Thus, 1t appears that vsariatlions ln
specimen length do not have to be tasken inlo account in evalusting
crack-propagation behavior. ‘

Rates oi' crack propagation were influenced, of' course,
by the loadlngs appiled. Increasing or decreesing the lcad after
reaching a total crack lengih of 1.0 in., however, hnd no apperont
effect on growith raltes at tho nev iocads. That is, propegation at
low stresses dld not influence subsequent rates at nigher stresses,
ang vice versa,

Gne varlable listed n Figs. 49 1o 67, refwrrea to
above, 1s the renge of reiative humidily existing in ilhe lsborstory
during the tesis., Thesc geaercily renged from 5 Lo 50 per cent.
Althcugh it appears in some cases thet rate of cracking incressed
with increasing humiditly, 8il resuits are not consistent in this
respect.

C.2. Tests of 202h-TH=2 Hand Forging

Tests of this slloy were iimited to specimens of one
orientation atv three dilfferent stress ievels. Results are
presented Iin Figs, 68 and 63. In contrast to the results shown
for the 2014k-T652 forging, the crack-propagation deta for
duplicate specimens at any one stress are guite consistent.
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This is attributed in part to the use of the Elox notch. Fig.
69 shows excellent correlation between propegation rstes for
stress levels of 8.2 ksi and 12.5 ksi. The tests at 17.5 ksi
?how a higher rate of propegation for the sauwe stress-intensity
actors.

c.3. Tests of 7075-T7352 and 7079-T652 Forgings

Crack-propegation was investigated in seven directions
in these forgings, at one to three stress levels, and in differ-
entlggntrolled environments. Results are presented in Figs. 70
to .

For both alloys, there was fairly good aﬁreemant be-
tween crack-growth rates at the different siress levels. Alloy
7075-T7352 was generally more resistant to crack propegetion
than 7079-T652. Short-transverse specimens in both alloys
cracked more rapidly thsn those from the other orientations.
Propagetion in the face specimens tended to be slightly faster
than the edge specimens,

Invironment was shown to nave a significant effect on
crack-growth rates, Both alloys cracked more rapidiy in the
high humiaity tests, but 7079-T652 was affected¢ more than

7075-T7352. The salt fog was slightiy more damsging then high
humidity.

1gures 106 to 109 show that the rate of cycilng did
not appreciab.y affect the rate of fatigue-crack propegetion of
7075-3%352 and 7079-T552 LT(E) specimens in the salt-fog
atmosphere.

C.4., Comparison ol hlioys

Figure 110 compares the average crack-progation rates
for long-transverse edgewise specixens of the four alloys. At
the lower stress intensilles, the propagstion was slowest for
alloy 201:-T652 but at the nighest stress intensities propags-
+ion was fastest for this alioy. Some of this difference is due
to the greater eccenirlcity of cracking in the 201:1-T652 speci-
mens. For these long-transverse specimens, propegation for
alloy 2024-T352 was consistently slower than for ailoys 7075-
T(352 and 7079-1652. This is contrery to the findings of Ref. 3
which rated 7075-T7351 plate zoove 202u-T851 plate from the
standpoint of resistance to fatigue-crack propagstion.

Figure 111 compares the propegation rates for longi-
tudinal specimens of several TO75-T75XX and 7079-THXX vroducts.
Te data ere consitent in showing 7C7S-T72XX to heve lovwer
propagetion rates than alloy 7079-TSXX. The egreement between
the rates for the various 7075-T73XX products 1is better than
that shown feor 7079-T6XX products.
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SECTION VI
SUMMARY AND CONCLUSIONS

Based on the results of tests of commercislly-
produced hand forgings that met the requirements flor composi-
tion and tensile properties 1n appllicable Federal and Military
specifications, the following conclusions seem warranted con-
cerning tne mechanical properties, including fracture Loughness
and fatigue strengths, resistance to stress-corrosion and
exfollation and fatlgue-crack propagetion rates of stress-
relleved 2014-T652, 2024-T852, 7075-T7352 and 7079-T652 hand
forginga:

1. Rsetlos among the tenslle, compresslva, shear and _ .
bearing properties are shown in Teble VII. ) _ Y

2. For 2014-T%52, 7075-T7352 and 7079-T652, these
ratios smong properties do not indicate a significant variation
with thickness,

%, For 2024-T852, only the retics ilnvolving longi-
tudinal and long-transverse compressive yleld stresses show a
correlastion witli thickness; the ratios decrease with incresse
of thickness.

4, Retios used in computing the design mechenical
properties are as shown in Tebles XII to XV. The ratlios are
applicable for computing properties in the L, LT and ST direc-
tions and for thicknesses ranging up through 6 in,

5, Computed design mechanical properties for the
respective alloys are as shown in Tebles XVI to XIX, These
values for 2014-T652 and 7079-TH552 are no more than 1 ksi
higher or > ksl iower then the respective values now published
in MII~HDBK-5A. Nc values sre published in MII-HD3K-5A for
2024-T852 or T7075-T7352 hand forgings.

6. The modulus ol cliasticity of eech alloy is 3 o 4
per cent higher in compression than in tension. The vslues for
the alloys in the respective 2000 and 700C serles are epproxi-
mately the same regerdless of test direction (L, LT and ST),
sample thickness and temper,

(. The average modulus velues, for all directions,
are:

20




Modulus, psi

Alloy

Series Tension Compression
2000 10 500 000 10 80C 000
7000 10 000 000 10 400 000

8. Typicel and minimum ("S" vaiue) stress-strain and
compressive tangent-moduius curves are shown in Pigs. 11 to 18.

9. The averege Vv 8 of plene-strain stress-
intensity factor, Ky. (psivin.), at 5-per cent secent offset
are. as followe:

Alloy and Long- Short-~
Temper longitudinal (IW) Transverse(Wi) Transverse(ST)
2014-T652 28 800 21 60C 20 500
2024-T852 26 300 18 486 15
7075-T7352 34 GO0 25 900 20
T7079-1652 27 600 23 000 18 100

10. The results of the axicli-siress fatigue tests
(R=0.0) are plotted in Figs. 19 to 27. 7or 201&-?%%2, 7075-
T7352 and 7079-T952, the log-mean faligue iives of the respec-
tive hend forging alloys are sbout :the seme or sligntly higher
than those of extruslons, and slightly lower then those of
plate of corresponding allioys and lempers lested in previous
investigations. For Z02%¢-T852 nand forgings, the log-mesn
fatlgue lives at the higher siresses are aboutl the same es
those of both 20C4-T851 piate and ©02i-T851X extrusions; at the
lower stress level, tae latligue 1ife ls substantially greater
than those of the plate and extrusions.

11. All forgings were resistant to siress-cor-osion
cracking vhen longitudinally stressed te 73% of iongltudinal
vleld strength. ILong-transverse specimens otressed to 75% of
long-~-transverse yleld strengih also were resistant in the case
of 202k-T852 and 7O73-Tr352 bLut were gernerally suaceptible in
the case of 2014-T652 and T072-T652; ilong-transverse specimeas
of 2014-T6 and 7079-T6 were resistant st stiresses of 509 YS.,

12. The resistance to stress-corrosion cracking of
short-transverse specimens ranged widaly with the alloy anc
temper: 7TO075-T7352 was resistant st 75% ¥S (except for the
nontypical 3-in. thick forging); 2024-T852 was susceptible at

Best Available Copy



-y

© ey

o —r—

YNTRETPY. ey Yy

L
\

Eg% ¥S, but generally resistant at 50% Y3; 7079-T652 and 20l4-
YS?Q were generally susceptible at 15 ksi (approximately 25%

' 13, There was no indication that the resistance to
SCC of any of the alloys was influenced by forging section
thickness.

14, All alloys and tempers demonstrated a high
resistance to exfollation corrosion.

15, The most consistent fatigue-crack growth rates
were obtalned 1n the tests of spceimens having the Elox crack
starter (Fig. 45).

16, Short-transverse speclmens showed somewhst higher
crack-growth retes than specimens from other directions in the

forgings.

17. Tests 1n & high humidity produced higher crsck-
growth rates than ivests in dry sir, A sait-fog environment was
slightly mecre dameging than high humidity.

18, At the ° wer stress intensities, the tests would
rate these forging eliuys 1n the following decreasing order of
resistance to fatigue-crack propagation:

2014-TES2
2024 -1852
7075-T7352
7079-T652

However, at the high stress Intensitles, propagstion was fastest
for alioy 2014-T652,

19, The crack-growth rates for the 7075-T7352 forging

were conslstent with those obtained 1n previous tests for
T075-T7251 plete asnd 7075-T73510 extrusions.
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Fig. 24, 0.125-inch Diamcter Tensile Specimen
For Stress-Corrosion Tests.
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FIG. 30 SHOWS THE I/8-IN, DIAMETER TENSILE SPECIMEN, THE VARIOUS PARTS
OF THE STRESSING FRAME AND THE FINAL STRESSED ASSEMBLY.

e i - o e s he

Mag: 1/5X

i FIG. 31 SYNCHRONOUS LOADING DEVICE USED TO STRESS SPECIMENS, A . ’:
STRESSED ASSEMBLY AND ONE ASSEMBLED FINGER-TIGHT READY FOR . :
STRESSING ARE SHOWN TO THE LEFT, BOTH THE STRESSING FRAME AND $
THE LOADING DEVICE WERE DEVELOPED BY THE ALCOA RESEARCH
LABORATORIES, PRIOR TO THIS CONTRACT.
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S.No. 341007-T4 Etch: Keller's Mag. 100X
‘“ FiGc. 33 Sectlon INlustrating an Auxillnry Crack in : ‘ ,
) long-Transverse Specimen from -in, Thick N
205.1%-’1’652 Forging which Falled at a Stress i P
Equal to 75% Y.S.
¥
i
:;
-
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§
: |
L Lo
S.No, 341007-T¢  Etch: Keller's  Mag. 500X R
FIG. 34 1Illustrates the Intergranular Character of the !’
Crack Shown Lbove, Indicating that Fallure was . :
Result of Stress-Corrosion Cracking. ;




S. No. 341040-T4 Etch: Keller's Mag. 100X

Figure 3% Section illustrating an auxiliary crack in long-
transverse specimen from 4 in. thick 7079-Té¢52
forging which failed at a stress equal to 75% Y.S.

W

S. No. 341040-T4 Etch: Keller's Mag. 500X
Figure 36 1Illustrates the intergranular character of the

crack shown above, indicating that failure was
result of stress-corrosion cracking.
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S. No. 341030-N3  Etch: Keller's Mag. 100X ]

Figure 37 Section illustrating fine crack emanating from f i ]
the base of a corrosion pit in specimens from z . 4
4 1n, thick 7075-T7352 forging which failed at - ‘
a stress equal to 75% Y.S. .

S. No. 341030-N3 Etch: Keilerx's Mag. 500X

Figure 38 Illustrates the transgranular character of the . i .
¢rack shown sbove, indicating that fracture was . o
due to tensile overload resulting from severe i
localized corrosion. . 1
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S.No. 341028-N3 Etch: Keller's Meg. 100X

Fe 30 Section INlustrating Fine Auxiliary Cracic in

Specimen from 3-in., Thick T7075-T7352 Forging
Which Failed at a Stress Equal to 75% Y

n™

S.No. 341028-N3 Etch: Keller's Mag. 500X

FIG. 40 Illustrate the Intergranular Character of the
: Crack Shown Above, Indicating That Feilure Was
the Result of Stress-Corrosion Cracking.
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Crack Propagatlon Specimen in Envircnmental Chamber
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o S w4 e i J L L I T

TABIE I
DESCRIPTION AND CHEMICAL COMPCSITIONS OF STRESS-RELIVVED ALMINM ALLOY RAKD POSGIRGS
(P23615-63-C-1385)

Alloy Sample
and Cross-Section Elosont, Poreent
Temper 8ize, in. Numbo Cu a1 () ™ L] Zn o T
2C18-7652 2x8 341 LN 0. 0.2% 0.73 0. C.i8 0.0} C.0a
Ex 2 gru R4y 0.’ 2.22 0.70 0.47 0.1} 0.C1 ¢.ch
51009 t.;z 0.5 ©.20 C.L9 .57 0.10 €c.01 0.08
bx16 381010 5, 0. 0.22 0.72 G. 0.08 0.91 0.0%
525 231011 !.g 0. 0.20 ©. 0.5 0.10 <Q.01 0.0A
5x10 anen2 e 2.91 0.22 0. 9. C.08 (.01 Q.08
x20 35101 L.36 o.g 0.28 0.70 a, ¢.08 G.C) 0.05
x6 35101 L 44 0. 0.20 0.6? 0.57 0.10 {0.02 c.00
ax12 5101 n.;} 0.9% 0.25 O'L; 0.53 0.12 .02 °'3§
6x28 8101 4.8} 1.00 0.22 c. 0.37 ©.0% 0.0} 0.
Limitse 3.9-5.0 0.50-1.2 1.0 0.M-i.2 0.20-0.8 0.5 0.10 0.15
20247852 2x8 34101 3,63 0.11 0.15  0.53 1.58 0.07 0.00 0.02
x12 38101 4.63 0.11 0.15  0.53 1.58 0. 0.00 0.02
x8 341019 k.51 0.13 0.19 0.57 1.72 0. Q0.¢2 0.0}
8x:6 341020 4.51 0.11 0.1 0.57 P 0.C7 06.C} 0.0}
5%5 141021 u.gl 0.13 0.19 0.7 1.72 0.7s 0.0? 0.0)
5x10 3n1022 4,88 0. 0.1 0.52 1.5 o.og 0.6} 0.0*
%20 34102 5,51 0.13 0.9  0.57 1.72 0.2 0.02 e.c8
%6 34102 h.zg 0.12 0.16 C.57 1.58 .07 .00 Q.02
6x12 34102 g, 0.10 0.12 0.52 1 2; o.a 0.01 0.03
6x28 3410 4,56 0.12 0.1 0.5 1. 0. 0.0¢ 0.03
: Limits? 3.8-b.9 0.50 0.50 0.30-0.9 1.2-1.8 0.2% 0.10 .-
T7075-T7352 2x8 3410 1.60 0.10 0. 12 0.02 2.50 gﬁ 0¥ 0.
x12 k102 1.25 0.11 0.1 0.02 2. . 0.2 c.0
x8 341029 1. 0.07 0.16  0.02 2. p 0.20 0.02
4216 351030 1.52 0.12 0.16 0.02 2.53% 2 0.19 C.chA
5x5 351031 1.50 0.07 0.12 0.02 2.50 g, 67 0.20 0.02
5x10 251032 123 0.il1 0.1 0.03 2.;5 5,82 0.19 0.
9x20 35103 1. 0.12 0.15 0.02 2.k 5.13 .20 0.
oz6 24303 1.& 0.12 0.20 0.0% 2.a2 5. ;3 0.03
6x12 34103 1. 0.7 0.26 0.0 2.5 E 0. 0.0% ,
6x2 33103 1% 010 0% o6 2.60 : 0.19 0.08 |
Limits® 1.2-2.0 0.50 0.7 .30 2.1-2.9 5.1-6.1 0.18-0.00 ¢.20 ?
7079-T652 2x8 3810 0.76 0.11 .18 0.18 .28 A,57 0.1a 0.0 £
x12 gluo} 0.76 0.13 2.18 0.15 . 5,57 0.}% 0.0 .
<8 41839 o.;‘o 0.10 0.16 .19 3.66 ok 0.1» 0.
3%16 381060 0.h3 0.08 o.h 0.8 2.8) ado 0.1% 0.0% ‘:i
5x5 08y 0.70 0.08 .15 Q.17 2.\ AND C.1b 0.¢ s
8210 381cCk2 o.gg 0.10 0.1  C.1 1.k: A5 0.15 o.cvg 5
5%20 341043 0. c.11 .18 o3 3.4 a5 0.3 0.2 i
6x6 361044 0.65 0.09 0.7 0.17 :.g ks 8 0.08
6x12 34108 0.70 0.10 0.1 0.19 . NN C.1b 0.08 3
éxab | 34104 0.72 0.10 0.16  0.17 3.55 l.ZO 0.1% 0.02 4
Limita® 0.50-0.8 ¢.30 0.80 N, 10-0.30 2.9.32.7 3.8.A.8 0.10.0.2 0.10 g
® Pederal Spocificatiol QQ-A-3672 and Mil. Spec. MTL-2-22771C :
Maximun wnless & range ie shown. ]
t The Aluminum Aesociation, "Aluminum Standards and Dmta”, April 1068 2
%ﬂ(

LSBT

£ A B Wi s, Bt i B T
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TABLE XII

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED 2014~T652 HAND FORGINGS

Thickness, 1in.

_ 2.001- 3.001- 4.002= 5.001-
Ratio <2,000 3,000 4,000 5,000 6.000
Fcy(L)/Fty(L) 1,011 1.011 1.011 1.011 1.011
Fcy(LT)/Fty(LT) 1.035 1.03% 1.035 1.035 1.035
Fcy(ST)/Fty(ST) 1.121 1.111  1.111 1.111  1.111
Fsu/Ftu(LT) 0.586 0.566 0.586 0.586 0.586
Fbru/Ftu(LT>
e/D = 1.5 1.357 1.357 1.357 1.357 1.357
e/D = 2.0 1,768 1.768 1.768 1.768 1.768
Fbry/Fty(LT)
e/D = 1.5 1.382 1.382 1.382 1.382 1.382
e/D = 2.0 1.621 1.621 1.621 1.621 1l1.621
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TABLE XIII

RATIOS FOR COMPUTING DESIGN MECHANICAL PROPERTIES
CF STRESS-RELIEVED 2024-T852 HAND FORGINGS

Thickness, in.

e i e o s e ——

-t

R 2.001- 3.001- 4.001~ 45.00i-
Ratios <2.000 3.000 4.000 5.000 6.000
Fcy(L)/Fty(L) 1.066 1.0%2 1.038 1.024 1.010
Fcy(LT)/Fty(LT) ‘1.121 1.093 1.666 1.039 1.011
Fcy\ST)/Fty(ST) 1.118 1.118 1.118 1.118 1.118
Fsu/Ftu(LT) 0.551 0.551 0.551 0.551 0.551
Fbru/Ftu(LT)
e/2 = 1.5 1.290 1.290 1.260 1.290 1.290
e/0 = 2.0 1.705 1.705 1.705 1.705 1.705
Fbry/Fty(LT)
e/D = 1.5 1.272 1.372 1.372 1.372 1.372
e/D = 2.0 1.625 1.625 1.625 1.625 1.625
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TABLE XIV

RATIOS FOR COMPUTING DESTGN MECHANICAL PROPERTIES
OF STRESS-RELIEVED 7075-T7352 HAND FORGINGS

- 2.001- 3.001- 4.00i- 5.001-
Ratio <2.900 3.000 4.000 5.000 6.000
Py (L)/F (L) 0.988 0.988 0.988 0.9886 0.988
Foy(LTI/F (LT) 11,036 1.036 1.036 1.036  1.036
Foy(ST)/F  (ST) |°1.109 1.109 1.109 1.109  1.109
P /Fyy (BT 0.597 0.597 0.597  0.597 0.597
F ru/?tu(LT)
¢/D=1.5 1.455 1.455  1.455  1.495 1,455
e/D=2.0 1.898 1.898 1,898 1.898 1.898
Fyp, /Ty (LT)
e/2=1.5 501 1,501 1.501 1,501 1.501
€/D=2.0 1.694 1.694  1.694  1.694  1.654
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{ TABLE XV
: ) RAT10S FOR COMPUTING DESIGN MECHANICAL PROPERTIES
E OF STRESS-RELIEVED 7079-T652 HAND FORGINGS
Thickness, in.
i _ 2.001- 3,001- 4,001- 5,001~
: Ratio .000 3.000 4L.000 &.000 6.000
Fcy(L)/Fty(L) .017 1.017 1.017 1.017 1.017
; Fcy(LT)/Fty(LT) ..075 1.075 1.075 1.075 1.075
E ( | Fcy(ST)/Fty(ST) 1.138 1.138 1.138 1,138 1.138
- Esu/Ftu(u:) 0.€01 0.601 0.601 0.601 0.601
E F-bru/Ftu(IT'J
e/D = 1.5 1.439 1,430 1.439  1.439  1.439
e/D = 2.9 1.909 1.90%  1.909 1.909  1.909
Fbpy/Fty(Lr)
e/D = 1.5 1.485 1.485 1.485 1,485 1.485
e/D = 2.0 1.719 1.719 1.719 1.719 1.719
!
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TARIE XV1

COMPUTED LESIUN MICHANICAT, PROPERTIES OF 201:-T652 ALUMINUM ALLOY HAND FORGINGS

AlIOF o o v v o o o n o o ’ 2014
&“:'f‘.i. e e b e ey e e : “Hend gggﬂ!m?
ntition . - ¢ . 0 e 4. <
Thickness, in. . . . . . . . L2000 OIS 000 S, 0014, 000 _ [ B 001=5.000 1 5.001-F.000
Proda . oo ] D S s __ ) .5
Maochanical Properties: . |
, kst
Fou kot T S 4 €3 62 £1
LT. . ... PN 65 [ €3 Nna 61
S -- 62 61 60 a5y
Feo, kot . .
2 £ 56 l 56 i 55 5i 53
T 56 55 . 55 Hl S
8T« i i v e e z- 82 51 20 56
r°yi. k?i ........ 56 . 86 N sh ; 1t
LT « v ¢« v v o v v s 57 (+1) 56£+1) 26{+1) 56(41) | (45
sT.llillll 4 37(%) 560%) s 1 sl
Faur k81« o v v 0w 0| 38(-2) 37(-2) 37(-2) %(-2) | 36{-7)
Moy, kel ' 1 )
o/Dml.5 + ¢ - . .. 88(-3 87(-21 85(-3 84 (- 8x(.2
e;b-e.g e 1152-23 , 1;35-25 1115-2} 11¢ -Z; , 108{2;
Pury, ksi ! ;
®/Dul.5 . ... .. 77(-1 6(-2 726(-1) 42 (.
oBRE | AR &) fstai] Brg 0 BEY
9, Eel‘ cout 8 6 8 ;
c e e e e e e e v 7
LT, ... . 3 3 3 2 | 2
SF o v v v e Z 2 2 1 | 1
g, 106 ps: 1C.5
E., 100 pat 10:8(+0.1)
ac 100 pst 5.0

Mote: Numhars in parenthesis are differences from vaiues ip MIL-HPRK-5A, February 1966,

* No velues shown in MIL~HDBK-5A, Fetruary 1966
t Maximum cross-sect'onal area of 256 sq in,
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TARLE XVII
TENTATIVE COMPUTKD DESIGN MECHANICAL PROFERTIES®* OF 202U -T852 ALUKINUM ALLOY RAND FORGINGS
Mloy v e e e e 2024
Form . . . ., ..., . -mnammm
Cendition C e e e JU5d
Thickness, in, , , , , ., . . [TZ000 2. 00T-%. 000 2.001-4" 708 5.001-5.000 [ 5.001-6.000
Manis ., . . .. ...
M:chanical Propertles:
Fey, kst
L .. ...,.. 64 64 64 62 60
LT . . €1 61 61 59 57
ST ., -~ 59 59 57 55
FL,Y‘ ksi
Lo L 54 i 54 53 52
LT . &2 He e 1 Q
ST . . . -- 50 50 9 '8
Fcyn ksl
L ... ... 58 57 56 54 52
LT . . 58 5 5% 3 51
ST . -- 5 56 55 54
Fgu, kst 34 34 4 32 31
Fopy,, kst
Terbel.s L ..., 79 7 79 76 73
e/D=2.0 . . . ., 10 1 1 101 97
Mry, koi
pals ... . 7] 21 g 1 69
o/D=2.0 . . .. .. b N 3 81
o, r cent:
per cent: . y y 4 4 4
LT . . . . . . 2 2 2 2 2
ST |- 1 2 1 1
E, 108 pst 10.
Ee, 105 ps1 10.3
G, 10° pait 4.0
¢ Yo valuns shown in MIL-HDRK-SA, Februsr 104,
* Maximum cross-sectional mrea of 255 ugq .
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‘ TADL: XVITI :
t
¥ COMPUTGD DRSION MECHANICAL PROPLRTITS® OF 7075-T7352 ALUMINUM ALLOY HAND FORJINGS
Ao « v v v v e e e 7675
Form « ¢ « v & & o & e . HBR'F‘oﬂéﬂgsT :
Condition . « ¢ ¢« v o 4 ¢ & T30 ) . i
Thicknese, in, . . . . . . . 2,000 T LS00 [ 3.001-0,000 | W.001-5.000 ] 5. 001-6. 000 :
| T O - ) 3 5 2 ;
f Mechanical Properties: :
: Fry, ksi | L
, N Lo ] es 66 i o4 62 61 P
; b 64 64 : 63 61 ) P
8T . . .. v ... -- 61 | 61 58 51 i
Fry, ket ]
, bt R S 8 sl 53 51 a9
' LT . o v v o v v v s .2 52 50 L3 i
1 T -- 50 1 L3 46 b4y ©e g
13
i - Feoq. ksl
i TR B 53 ‘ 50 50 L8
! IT e v v v v v o..] § 54 ap 50 5B
i Y S B 55 53 51 49
j : 1
} Fao K31 = « = o o . .| 38 38 37 36 35 SRR
v “Fopus. kst ' SRS
b Poras i ... .| o a3 92 89 86
' e/D2.0 . .. .. .| 121 121 119 116 112 .
. , ksl ; : E
it BrLyads ... .| 18 73 I 12 62
, e/Dm2.0 ... ...| 88 8 : 1 7 {

} e, per cent i 3
il L. ., I , ? 7 ' 6 .
" 1) A 4 L 3 3 3 :

H ST . v i - 3 5 2 2 ;

i H .

! E, 106 psi } 16.0 .
Ec, 106 pst i iolh i
G, 10° psi I 3.8 1]
i | {
! * %o values in MIL-HDBK-5A, Februsry juré, .
gf T Maximum cross-secilonsl area of 256 sq in, :

Loy
;, |

o oA AL b o e el ki

t

X
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®* No values shown in MIL-HDRK-5A, Februsry 1966
t Meximum cross-sectional area of 25

I S Y R ST N P T TN T

sq 1in,
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TABLE XIX ‘
) COMPUTED DESIGN MECHANICAL PROPERTIES OF 7079-T652 ALUMINUM ALLOY HAND FORGINGS !
* Alloy . . . . . . 7079
?’Tz'x""""' } Bard Forglngs?
ondition . . . . ., . . A
Thickness, in. . . « . . . . 00 [ 2. 001-35,000 L 5.001-1,000 T, 001-5.000 ] 5.005-5,000
Basls . . . o . . . ., . .1 5 ¥ ) — 5 T
Mechanical Propertles:
Fry, ke
by ke .. 72 72 7 0 6
F 71 0 70 g9 6
ST.oL Ll -- 7 67 66 66
F.y. K8l
iU .| 63 62 61 60 59
LT . . . 53 60 59 58 56
5T v v v v e -- 55 55 54 53
Fag, ksi
[ A 62&%-2) 63(-2) 62(-2) 61(-2) 60(-2)
LT, . ... 65(*) 64 g 63'; €2(* 60'}
3 -- 62 62 (* 61(* 60 ("
Fgu ksl . . . .. 43 42(-1) 42(-1) 41(-1) 41
Foru, ksi
I':a’/13n1.5 ...... :neé«; 10¢ ; 100(*) 99('3 98”
o/D=2.0 - 136 133 133 (% 132(* 150 (*
F s ksi
YUl L. %912) 59 SR g/} 4]
e/Dm2.0 ... ... 105(*; 103 101{*} g9(* gst-
8, per cent 5 o 9
L. . . 9 9
LT. . . ... 5 5 5 L 8
ST. . . - 3 3 3
E, 106 pst 10.0}'-5 3;
Ee, 120 pai 10.4(-0.1
G, 100 psi 3.8(-0.1)
Note: Numbers in parenthesis sro differences from vaiues in MIL~HDBK-5A, February 1966.
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(F33615-68-C-1385) ;
! : ‘\;égy Sample
;F : Temper Size, in. Number Cycles to Failure
: ‘aximum Stress, psi
| 60_000 40 _000 35 000
2014-T652 2x8 341007 b 200 b4 258 1060 10 264 500%
4x3 341069 1; 700 1 032 800 6 252 2C0
9Hx10 341012 18 900 220 GOG 10 017 200*
6x12 341015 7 700 142 20C 14 323 200* '
! lcg-Mean Fatigue Life 17 200 619 4G0O -
| 2024-T852 2x8 341017 22 600 252 900 10 029 S00* _
g 4x8 241019 12 700 180 700 19 845 700* :
| 5HX10 245022 14 3C0 S0 200 11 189 300* i
i 6x12 43015 7 200 g3 000 14 882 400*
;l Log-Mean TFatigue Life 13 700 140 200 -
i Maximun Stress, psi
[ 60 OCC 45 000 38 000 :
5 L o i
| 7075-17352 oxB prale g 28 100 4 OB4 800 1k 532 &00* i
: ' L8 ALIOG % 700 52 %00 1 555 300 )
| 5x1.0 2L30E0 4 300 51 100 105 300 :
OX12 341055 2z 600 3d 600 93 000
!‘ Log-Mceen Fatigus Lile 3 200 160 500 -
; T079-T052 2x3 Ah10y7 22 200 109 300 720 590
lixo 241039 22 700 61 00 11 007 40C
5X10 W04 19 200 5 500 162 7¢O
Oxie Zh10k5 11 400 0 200 146 400
Log-Meean Fatigue Lire 18 100 66 900 _———
* Specimen did not fail.
g 155
i

TABIE XXIV

RESULTS OF LONG-TRANSVERS: AXIAL-STRESS FATIGUE TESTS
OF STRESS-RELIEVED ALUMINUM ALLOY HAND FORGINGS (R=0.0)

T b T el N IR A N R p
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TABLE XXXIV

CRACKX PROPAGATION FOR CENTER-CRACKED PATIGUE SPECIMENS

6" x 24" 202k.T852 Hand Forging
Long-Transverse Specimens
Constant Load Tests, Stress Ratio = 1/3
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